Introduction
Multiple primary cancers are defined as two or more independent primary malignancies occurring simultaneously or successively in the same or different organs or tissues of the same individual. Multiple primary malignancies involving colorectal cancer are multiple primary malignant tumors including primary colorectal cancer, and they can be divided into multiple primary colorectal cancers and multiple colorectal cancers associated with extracolonic primary cancer according to the second primary sites. In recent years, the incidence has shown a tendency to increase, with 17%-19% of cancer patients reported as having multiple primary cancers (1, 2) . Multiple primary malignancies involving colorectal cancers have received much attention because of the high incidence of these occurrences. According to reports from the Cancer Institute Hospital, Tokyo, Japan, a total of 24,498 cancer patients were recorded from 1986-1995, of whom 1281 (5.2%) had multiple primary cancers and 8.30% of whom were diagnosed with primary colorectal cancers (3). The causes of multiple primary malignancies involving colorectal cancers are poorly understood; however, they are thought to be complex, resulting from the interactions of many factors such as genetics, the environment, lifestyle, and benign colorectal lesions (4) (5) (6) .
Single nucleotide polymorphisms (SNPs) are alterations in DNA sequences that are convenient genetic markers for association studies. Recent works have shown that certain SNPs are closely associated with malignant tumor development (7, 8) . We previously presented that the numbers of SNPs on some cancer-related genes are particularly associated with malignant tumors (9) . Therefore, in the present study, we searched for SNPs in these same genes and explored their relationship with multiple primary malignancies involving colorectal cancers. All procedures performed in studies involving human participants were in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards. All patients signed informed consent forms and the study received approval from the Xiangya Hospital Ethics Committee.
Materials and methods

Sample collection
Single nucleotide polymorphism analysis
DNA was extracted from paraffin-embedded tissue samples using a commercial DNA extraction kit (QIAGEN, Hilden, Germany) in accordance with the manufacturer's instructions. SNP detection was performed by using the Sequenom MassARRAY Analyzer 4 system (Sequenom, San Diego, CA, USA).
Data analysis
Genotype and allele frequencies at 116 genetic loci were calculated for the 22 samples of multiple primary malignancies involving colorectal cancer. The genotyping results for 116 loci of the control Chinese population were chosen from HapMap through the NCBI database. Differences in allele frequencies between the controls and the 22 patients with multiple primary malignancies involving colorectal cancer were compared using the chi-square test with P < 0.05 considered statistically significant. Statistical analysis was performed using SPSS 19.0 software.
Results
This analysis included 62 genes encoding proteins involved in DNA repair mechanisms and in other cellular signaling pathways (Table 2) . Eighty-one of the 116 loci presented no significant difference in the allele frequencies between patients and the control Chinese population (data not shown); significant differences were identified at the remaining 35 (P < 0.05), including TNFRSF1B (rs1061624, rs1061622, rs3397),
, and CAT (rs7943316) (Table 3) . Of these, five loci were previously reported to be associated with the pathogenesis of colorectal cancer, including TNFRSF1B (rs1061624) (12), P21 (rs1059234) (13), CCND1 (rs9344) (14) , NFKB1 (rs28362491) (15) , and ERCC1 (rs3212986) (16) ( Table 4 ).
Discussion
Incidences of multiple primary cancer have increased in recent years. The colon and rectum are the most commonly reported organs for multiple primary cancer development, and multiple primary malignancy involving colorectal cancer is the most frequently seen form of multiple primary cancer (17) . Patients with multiple primary colorectal cancers have been shown to have a significantly worse prognosis than those with single primary colorectal cancers (18) . However, few studies have investigated the cause of multiple primary malignancies involving colorectal cancer. In this study, we performed SNP genotyping of 116 SNPs from 62 tumor-associated genes in 22 patients with multiple primary malignancies involving primary colorectal cancer. We identified significant differences in the allele frequency distribution at 35 loci of 31 genes between patients and the control Chinese population. This indicated that alterations at these loci may be associated with the pathogenesis of multiple primary malignancies involving colorectal cancer. Five of these loci were previously reported to have variable association with the risk of single primary colorectal cancer; rs1061624 of TNFRSF1B, rs1059234 of P21, and rs9344 of CCND1 were found to reduce the risk of colorectal cancer and exert protective effects, while rs28362491 of NFKB1 and rs3212986 of ERCC1 increased the risk of colorectal cancer. Among the other 30 loci, five (rs7566, rs887574, rs13035, rs1799757, and rs5343) are reported for the first time in this study, while 25 were associated with malignant tumor development and the response to chemoradiotherapy (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) (32) (33) , inflammatory bowel disease (34), autoimmune diseases (35, 36) , vitiligo (37), insulin resistance (38) , coronary heart disease, stroke, and other types of cardiovascular and cerebrovascular disease (39, 40) .
From this study, we found that alterations at 35 gene loci (TNFRSF1B (rs1061624, rs1061622, rs3397), TP53 (rs1625895), EDN1 (rs1800541, rs2071942), etc.) may be associated with the risk of multiple primary malignancies involving colorectal cancer by performing SNP genotyping assay and comparing with the SNP data of a control Chinese population from HapMap. However, the relationship between differences in allele distributions of these alleles and the development of multiple primary colorectal cancer is still unclear because the current sample sizes are insufficient, and studies also lack comparisons between patients with a single cancer and the normal healthy population, and between phenotypic Caspase apoptotic pathway-related genes CASP3, CASP8
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